DNA conformation and stability are critical for the normal cell functions. Deoxyribonucleic acid (DNA) is polymorphic in nature and adopts different conformations in the cell in different physiological conditions.\[[@ref1]\] The altered conformation in DNA has been shown to cause altered gene expression in human diseases.\[[@ref2]\] The role of DNA dynamics in brain disorders is not clearly understood.\[[@ref3][@ref4]\] Earlier studies from our laboratory have shown that genomic integrity is altered in Parkinson\'s disease (PD) and Alzheimer\'s Disease (AD).\[[@ref5][@ref6]\] The genomic DNA isolated from PD-affected human postmortem brain cells is altered from B-form to altered B conformation,\[[@ref5]\] whereas in AD, a larger conformational transition from B-form to Z-form was observed.\[[@ref6]\] The factors responsible for these alterations are not clear. We hypothesize that neuroproteins such as α-Synuclein, amyloid and Tau may be involved in the conformational and stability transitions in DNA.\[[@ref3][@ref4]\] In support of our hypothesis, there are evidences on the nuclear localization of α-Synuclein, amyloid and Tau,\[[@ref7]--[@ref9]\] but studies related to DNA binding abilities are limited\[[@ref7]--[@ref10]\] α-Synuclein (144 aa), a highly conserved, natively unfolded protein existing in random coil conformation is involved in the pathogenesis of PD.\[[@ref9]--[@ref13]\] The normal functions of α-Synuclein in the neuron is not clear.\[[@ref13][@ref14]\] However, the localization of α-Synuclein in the nucleus suggests that it may interact with chromatin.\[[@ref15]--[@ref17]\] Unlike α-Synuclein, Tau normal functions have been established. Tau\'s main function is to polymerize and stabilize the microtubules in the neuron.\[[@ref18]--[@ref20]\] Tau is responsible for the neurofibrillary tangles (NFTs) that are formed in AD.\[[@ref18][@ref19]\] Tau protein normally present in the cytoplasm is also localized in the nuclear region and may have the ability to bind to DNA.\[[@ref8][@ref20]--[@ref22]\] But the mechanism of both α-Synuclein and Tau binding to DNA is not clear. In the present investigation, we investigate whether α-Synuclein and Tau bind to DNA in a conformation and sequence specific manner. We have selected oligonucleotide CGCGCGCG as a model DNA system that natively exists in B conformation and that, in the presence of 4 M NaCl, the oligo goes to Z conformation.\[[@ref23]\] This sequence is present in the promoter region of the human genome and hence has biological implications.\[[@ref24]\]

Materials and Methods {#sec1-1}
=====================

α-Synuclein and Tau were purchased from rPeptide, USA. CGCGCGCG oligonucleotide was custom synthesized from Sigma Aldrich, USA. Tris and HEPES were purchased from Sisco Research Lab, India. The self-complementary single stranded CGCGCGCG oligonucleotide was dissolved in triple distilled water and incubated in boiling water bath for 5 min and allowed to cool gradually at room temperature to generate annealed duplex structures.\[[@ref25]\]

Circular dichroism studies {#sec2-1}
--------------------------

The Secondary conformation of oligonucleotide (CGCGCGCG)~2~ was analyzed using Circular dichroism (CD) spectroscopy. The (CGCGCGCG)~2~ oligonucleotide was diluted in Tris-Cl buffer (10 mM, pH 7.4) and CD spectrum was recorded using JASCO J700 spectropolarimeter at 25°C, with 2 mm cell length in the wavelength range between 200 and 320 nm. Each spectrum was the average of four scans. The (CGCGCGCG)~2~ oligonucleotide was converted from B-DNA to Z-DNA in the presence of 4 M NaCl (incubated for 12 h at 37°C) and later dialyzed to remove NaCl. The Z-form of the oligonucleotide was confirmed by CD. The oligonucleotide in B-form was incubated with α-Synuclein and Tau in the mass ratio of 1:2 (oligo/protein) in 10 mM Tris-HCl (pH 7.4) buffer for 12 hr at 37°C. The oligonucleotide alone (control) was also incubated in the 10 mM Tris-HCl (pH 7.4) buffer for 12 h at 37°C. The CD spectra of the B-DNA-α-Synuclein and B-DNA-Tau complexes were recorded. Similarly, the Z-form of the oligonucleotide was incubated with α-Synuclein and Tau in the mass ratio of 1:2 (oligo/protein) in 10 mM Tris-HCl (pH 7.4) buffer for 12 hr at 37°C. The CD spectra of Z-DNA-α-Synuclein and Z-DNA-Tau complexes were recorded. The background correction was done by deducting the spectral contribution from α-Synuclein and Tau alone at the concentrations used. The DNA conformations were assigned using the standard references.\[[@ref26]\]

Thermal denaturation studies {#sec2-2}
----------------------------

The stability of B-DNA and Z-DNA forms of oligonucleotide and the oligo-protein complexes was studied using thermal denaturation studies and ethidium bromide binding studies. Thermal denaturation of oligonucleotide was carried out using UV-Visible Spectrophotometer equipped with thermostat control (Amarsham Bioscience, Hong Kong). The 2 μg of B-DNA and Z-DNA forms of (CGCGCGCG)~2~ was dissolved in 10 mM HEPES buffer (pH 7.4) and melting temperature (T~m~) profile was recorded with 1°C raise of temperature per minute in the temperature range of 25--95°C. Both B-form and Z-form of the oligonucleotide were incubated with α-Synuclein and Tau proteins in the mass ratio of 1:2 (oligo/protein) in 10 mM HEPES (pH 7.4) buffer at 12 h at 37°C. The T~m~ (the temperature at which the absorbance is 50% between the minimum and maximum absorbance) was calculated using the graph plotted between temperature vs. absorbance, which is called the melting curve.

Ethidium bromide (EtBr) binding studies {#sec2-3}
---------------------------------------

The reaction mixtures for EtBr binding studies were prepared as described before for T~m~ studies, and the EtBr bound in moles per base pair of DNA was measured in Tris-Cl (10 mM, pH 7.4) using HITACHI F-2000 Fluorescence Spectrofluorimeter. The fluorescence was measured using a constant amount of scDNA (0.5 μg) with increasing amounts of EtBr. The fluorescence measurements were monitored with an excitation at 535 nm and emission at 600 nm using 10 mm path length.

The maximum amount of EtBr bound per base pair of DNA was calculated using Scatchard plots of 'r' vs. 'r/Cf'. The concentration of bound EtBr in 1.0 ml dye-DNA mixture (Cb´) was calculated using the equation

Cb´ = Co´ \[(F--Fo)/(V×Fo)\],      (1)

where

Co = EtBr (pmoles) present in the dye-DNA mixture,

F = observed fluorescence at any point of dye-DNA mixture,

Fo = observed fluorescence of EtBr with no DNA,

V = experimentally derived value, ratio of bound EtBr/free EtBr at saturation point.

The concentration of free dye (Cf΄) was then calculated by the relation

Cf´ = Co´ - Cb´,      (2)

Where, Cf´, Co´, and Cb´ were expressed in pmoles. The amount of bound EtBr/base pair 'r' was calculated by

r = Cb´ (pmoles)/DNA concentration (pmoles of base pair). (3)

A plot with r vs. r/cf is plotted, point where the straight line intersects the X-axis was denoted as 'n'. 'n' was the maximum amount of dye bound per base pair (n), where Cf = Cf´ × 10^15^ M.

The number of EtBr molecules bound per base pair DNA was calculated for B-DNA and Z-DNA in the presence and absence of Synuclein and Tau. The data was analyzed using Scatchard plots.\[[@ref27][@ref28]\]

Results {#sec1-2}
=======

CD studies {#sec2-4}
----------

The CD spectra of native (CGCGCGCG)~2~ showed a characteristic B-DNA conformation with a positive peak at 280 nm and a negative peak at 255 nm. Further, the CD spectrum of (CGCGCGCG)~2~ oligonucleotide in the presence of 4 M NaCl showed Z-DNA formation with characteristic 295 and 208 nm negative peak showing the conversion of B-form to Z-form \[[Figure 1a](#F1){ref-type="fig"}\]. The CD spectrum of B-form of oligonucleotide in the presence of α-Synuclein complex showed a shift in the positive peak from 280 to 275 nm and a decrease in the intensity of the negative peaks at 235 and 210 nm compared to B-form alone \[[Figure 1b](#F1){ref-type="fig"}\]. These changes were characteristic of altered B-DNA conformation.\[[@ref26]\] Further, CD spectrum of B-DNA in the presence of Tau also showed similar changes \[[Figure 1c](#F1){ref-type="fig"}\]. Thus it was inferred that both α-Synuclein and Tau induced altered B-DNA conformation in B-DNA. The CD spectra of Z-DNA in the presence of α-Synuclein and Tau did not alter any spectral changes of Z-form \[Figures [1d](#F1){ref-type="fig"} and [e](#F1){ref-type="fig"}\]. Both the complexes showed characteristic 290 nm negative peaks indicating unaltered Z-DNA conformation.

![Circular dichroism spectroscopy of (CGCGCGCG)~2~ oligonucleotide complexes. (a) (CGCGCGCG)~2~ oligonucleotide in B-DNA conformation and Z-DNA conformation. (b) α-Synuclein induced altered B-conformation in B-DNA of (CGCGCGCG)~2~. (c) Tau induced altered B-conformation in B-DNA of (CGCGCGCG)~2~. (d) α-Synuclein - Z-DNA of (CGCGCGCG)~2~ complex in Z-DNA conformation. (e) Tau - Z-DNA of (CGCGCGCG)~2~ complex in Z-DNA conformation](JPBS-4-112-g001){#F1}

Thermal denaturation studies {#sec2-5}
----------------------------

Melting temperature curves of oligonucleotides and their protein complexes were computed \[[Figure 2](#F2){ref-type="fig"}\]. The melting temperature (T~m~) of the B-form and Z-form of the oligonucleotide was 71 and 81°C, respectively. The T~m~ of the Z-form of the oligonucleotide was greater than the B-form, indicating that Z-form was more stable than B-form. The T~m~ of B-DNA in the presence of α-Synuclein and Tau was found to be similar (T~m~ = 77°C). The data indicated that both α-Synuclein and Tau stabilized B-DNA as evidenced by higher T~m~. The T~m~ of Z-DNA in the presence of α-Synuclein and Tau was 83°C. The data indicate that both α-Synuclein and Tau further stabilized the Z-conformation of the oligonucleotide \[[Table 1](#T1){ref-type="table"}\]. The T~m~ values difference for Z-DNA was 2°C, but this difference was significant in light of the short length of oligonucleotides; for this reason, we concluded that both the proteins stabilized the Z-conformation.

![Melting temperature curves of (CGCGCGCG)~2~ oligonucleotide complexes. (a) Melting temperature (T~m~) curve of (CGCGCGCG)~2~ oligonucleotide in B-DNA and Z-DNA conformations, respectively. (b) Melting temperature (T~m~) curve of (CGCGCGCG)~2~ oligonucleotide in B-DNA and B-DNA-α-Synuclein complex (mass ratio 1:2). (c) Melting temperature (Tm) curve of (CGCGCGCG)~2~ oligonucleotide in B-DNA and B-DNA-Tau complex (mass ratio 1:2). (d) Melting temperature (T~m~) curve of (CGCGCGCG)~2~ oligonucleotide in Z-DNA and Z-DNA- α-Synuclein complex (mass ratio 1:2). (e) Melting temperature (T~m~) curve of (CGCGCGCG)~2~ oligonucleotide in Z-DNA and Z-DNA-Tau complex (mass ratio 1:2)](JPBS-4-112-g002){#F2}

###### 

Melting temperature (T~m~) and Ethidium bromide binding to (CGCGCGCG)~2~-α-Synuclein and (CGCGCGCG)~2~-Tau complexes both in B-form and Z-form

![](JPBS-4-112-g003)

Ethidium bromide binding studies {#sec2-6}
--------------------------------

The number of Ethidium bromide (EtBr) molecules bound per base pair DNA for B-form and Z-form of the oligonucleotide was 0.0022 and 0.0031, respectively. This indicates that Z-DNA has more EtBr binding ability. The B-DNA oligo was titrated with EtBr in the presence of α-Synuclein or Tau and the number EtBr molecules bound per base pair DNA was calculated to be 0.0013 and 0.0021, respectively. The results indicated that the number of EtBr molecules bound per base pair for complexes were less than the corresponding native B-form of oligonucleotide in the presence of α-Synuclein, indicating that α-Synuclein may be interfering with DNA intercalating properties of ETBR. On the other hand, Tau did not alter the DNA intercalating properties of ETBR. This may be attributed to differential Tau and Synuclein DNA binding properties,\[[@ref3]\] although the mechanisms of DNA binding of these proteins are not clearly known. The number EtBr molecules bound per base pair DNA for Z-DNA in the presence of α-Synuclein and Tau was unaffected as expected \[[Table 1](#T1){ref-type="table"}\].

Discussion {#sec1-3}
==========

DNA is polymorphic in nature existing in different conformations in cells under physiological conditions.\[[@ref1]\] The B-DNA conformation is the normal conformation of DNA in cells and is attributed with a majority of biological functions.\[[@ref29]\] The DNA also exists in other conformations like Z, A, C under experimental conditions.\[[@ref30]\] These alternate conformations of DNA possess altered major and minor groove properties\[[@ref30]\] and when present in genomes these non-B-conformations may alter gene expressions. Furthermore, as many transcription factors were minor grove binders,\[[@ref31]\] the altered minor grove patterns in these alternative DNA conformations could affect their binding to DNA and thus impact gene expression. However, the biology of alternate DNA conformations in the regulation of gene functions is still unclear.\[[@ref2]\] The conformation and physics of Z-DNA have been widely studied but the biological implications like transcription regulation, chromatin remodeling and nucleosomal positioning are still not completely understood.\[[@ref32]--[@ref35]\] The Z-DNA formation occurs in the stretches of alternative purine-pyrimidine residues.\[[@ref36]\] And alternative purine-pyrimidine residues were widely distributed in the promoter regions of several genes.\[[@ref24]\] A recent study showed that Z-DNA conformation was present in the promoter region of selected genes in the human genome.\[[@ref36]\] Moreover, the study indicated that these alternative structures could be stabilized by specific proteins that promotealtered gene expression.\[[@ref33]\] A similar kind of altered function in transcription activity by T7 RNA polymerase in relevance to Z-DNA was reported recently.\[[@ref37]\] This suggests that alternate DNA conformations and their specific binding molecules might affect the normal genomic functions. We presume that similar mechanisms may be taking place in neurons in the process of neurodegeneration. One of the examples is the Vesicular Inhibitory Amino Acid Transporter (viaat) that transports GABA or glycine neurotransmitters into synaptic vesicles.\[[@ref38]\] This promoter activity was dependent on the GC rich region that was adjacent to the SP and EGR transcription factor binding sites, and any modulation in GC rich region altered the neurobiology of GABA.\[[@ref38]\] In the present study, we investigated the binding ability of neuroproteins like α-Synuclein and Tau to sequence and conformation specific oligonucleotide (CGCGCGCG)~2~. These sequences were involved in gene expression and the major component of promoter regions.\[[@ref24][@ref38]\] The present study thus provides insight into conformation specific DNA binding of α-Synuclein and Tau and has great relevance in understanding the genomic biology of neurodegeneration. The earlier studies from our lab have reported the presence of altered B-DNA and Z-DNA in PD and AD brains respectively.\[[@ref5][@ref6]\] Unlike the predominant B-DNA conformation in normal brain, in moderately affected AD brain, DNA was in B-Z intermediate form, while in severely affected AD brain, DNA was in Z-form.\[[@ref6]\] We subsequently reported a strong DNA binding property of amyloid and synuclein modulating DNA topology.\[[@ref3][@ref10]\] Hegde *et al*.,\[[@ref7]\] showed that Aβ is localized in the nuclear region of AD brain and proposed a possible mechanism for Aβ playing a role in DNA conformational change. Suram *et al*.,\[[@ref6]\] reported a conformational change in genomic DNA from normal B-DNA to B-Z intermediate in moderate AD and B-DNA to Z-DNA in severe AD.

The present study provides vital mechanistic information on Synuclein and Tau binding to DNA in a conformation-specific manner causing conformational transition. Furthermore, both the proteins stabilize Z-DNA conformation. These have altered minor and major groove patterns and thus may have significant biological implications in relevance to gene expression pattern in neurodegeneration. We hypothesized the implication of α-Synuclein/Tau binding to DNA and stabilizing the altered conformations of DNA in neuronal cell dysfunction \[[Figure 3](#F3){ref-type="fig"}\]. Both α-Synuclein/Tau may bind to CG rich region in the promoter region of the gene and alter the conformation from B-DNA to altered B-DNA. Altered conformation in the promoter region may allow the binding of transcription factors and alter gene expression. The altered regulation of the gene expression may result in neuronal cell dysfunction and finally lead to neuronal cell death. The negative supercoils generated during transcription may induce the formation of Z-DNA in CG rich regions. Normally, after transcription the negative supercoils are relaxed and the Z-DNA is again converted to B-DNA. Both α-Synuclein/Tau may bind to Z-DNA conformation that is already formed due to transcriptional stress, and further, these proteins may stabilize the Z-DNA conformation. The Z-DNA stabilization may result in the inhibition of transcription factors binding or may stop the movement of RNA polymerase. This may lead to the suppression of genes and finally to neuronal cell dysfunction.

![Our hypothesis on the potential implications of sequence specific binding of α-Synuclein/Tau in neuronal cell death. Both α-Synuclein/Tau may bind to CG rich regions in the promoters of various genes and alter the conformation from B-DNA to altered B-DNA. The altered conformation in the promoter region could alter the binding of transcription factors and alter gene expression. The altered regulation of the gene expression may result in neuronal cell dysfunction and finally lead to neuronal cell death. The negative supercoils generated during transcription may induce the formation of Z-DNA in CG rich regions. Normally, after transcription the negative supercoils are relaxed and the Z-DNA is again converted to B-DNA. Both α-Synuclein/Tau may bind to Z-DNA conformation formed due to transcriptional stress and stabilize the Z-DNA conformation. Z-DNA stabilization may result in the inhibition of transcription factors binding or may stop the movement of RNA polymerase. This may lead to the suppression of genes and finally to neuronal cell dysfunction](JPBS-4-112-g004){#F3}

Conclusions {#sec1-4}
===========

The binding of α-Synuclein and Tau changes DNA conformation to altered B and Z-form and thus alters minor and major groove patterns, which may have significant biological significance in relevance to gene expression pattern in neurodegeneration. We hypothesize that α-Synuclein/Tau binding to DNA and stabilizing the conformations of DNA plays a significant role in neuronal cell dysfunction.
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